This case study investigates better and sustainable waste management for a given area in Sri Lanka. A questionnaire and field surveys were performed in a small local authority adjacent to Colombo, the capital city. Composting for organic waste and incineration for non-compostable waste were found to be important treatment methods for solid-waste management. The reduction of solid waste is a critical process for sustainable management. Currently, people in the area do not have much interest in waste recycling to decrease the cost of solid-waste management. It was therefore concluded that raising people's awareness would play an important role in the reduction of solid waste. A suitable waste-management plan needs to be made for each community and area. The situation and conditions of every area is different, therefore each community needs to make an effort to find its own better and sustainable solid-waste management process.
Introduction
A variety of studies on solid-waste management in developing countries have been conducted in recent years. Some researchers have looked at the influence of education to waste management [1] - [3] , while others have investigated policy making for waste management in specific areas or countries [4] - [8] . Health and risk considera-tions around waste management have also been the focus of studies [9] - [12] , while current systems of waste management in particular areas or countries have been analyzed [13] - [16] . Finally technology and engineering in waste management have discussed by some [17] - [19] .
Solid-waste management, especially in developing countries, poses particular problems for each local community, so empirical field investigations are invariably required to solve particular local issues. Solid-waste management is emerging as a major problem for policy makers in developing countries as the quantity of solid waste generated has increased significantly and its characteristics have changed as a result of changes in peoples' lifestyles due to swift industrialization and urbanization. Rapid population growth and an increase in economic activities combined with a lack of education in modern solid-waste management practices, complicate efforts to improve the situation in these countries. Compared to high-income residents in developed countries, the urban residents of developing countries produce less solid waste per-capita. However, the capacity of developing countries to collect, process, dispose, or reuse the waste in a sustainable manner is highly limited. Recent studies have demonstrated the lack of capacity of local authorities to deal with this emerging issue and have recommended improvements at all levels of the administration systems to achieve a sustainable solution to the problem [4] [20] [21] .
Several studies on waste management specifically related to Sri Lanka have been undertaken. Mallawarachchi and Karunasena (2012) discussed national policy enhancement on e-waste in Sri Lanka [22] . Solid-waste management conditions in Sri Lanka were reported by several researchers [20] [22] . A study conducted by Vidanaarachchi et al. (2006) especially showed that common causes of poor waste management in Sri Lanka are the lack of appropriate policies and legislation, lack of political and public commitment, and inadequate technical expertise at the local authorities [20] . Therefore, the development and implementation of appropriate policies, political will, and public commitment are essential in order to reduce environmental, social, and economic problems associated with the present disposal practices. In countries such as Sri Lanka, the problems associated with solid waste lie more with the present haphazard disposal practices than with the rate of generation. Therefore policies should be formulated to encourage solid-waste management practices through waste avoidance and reduction, re-use and recycling, and thereafter final disposal in an environmentally friendly manner.
The aim of this paper is to propose a solid-waste management program to eliminate the unsustainable wastedisposal methods practiced in a small local authority adjacent to Colombo, the capital city of Sri Lanka. The study focuses on identifying problems and finding solutions by conducting a questionnaire and pilot scale projects in the area, then proposing a municipal waste-management program that prioritizes waste reduction at source rather than recycling at end-of-life disposal. This study may also be relevant to similar local authorities in other developing countries.
Background Information

Country Profile of Sri Lanka
The Democratic Socialist Republic of Sri Lanka is located off the southeastern coast of India and covers an area of 65,610 km 2 between 5˚55'N and 9˚55'N and 79˚41'E and 81˚54'E. The Palk Strait separates Sri Lanka from India. Figure 1 shows a map of Sri Lanka with its nine provinces, three districts of western province (WP) and nine local authorities in Colombo District. Sri Lanka's population was approximately 20 million in 2012 with a per capita gross national product (GNP) of US$1395 and a growth rate of 7.7% [23] .
Local Government Structure
In 1987, Sri Lanka underwent decentralization of its government structure with the setting up of Provincial Councils responsible for carrying out activities planned by central government ministries and their departments and agencies. Currently there are nine Provincial Councils in Sri Lanka. The Provincial Councils comprise Municipal Councils (population of over 30,000), Urban Councils (population of between 10,000 and 30,000) and Divisional Councils (Pradeshiya Sabhas or Pradesha Sabhai) for smaller towns and rural areas. Currently there are 23 Municipal Councils, 41 Urban Councils, and 271 Divisional Councils. The Provincial Councils are responsible for supervising the functioning of these lower authorities, including their solid-waste management. The quantity of municipal solid waste (MSW) generated in Sri Lanka has increased over the years with the growth of consumption patterns. Analysis of data has revealed that the amount of MSW per capita per day on average was 0.85 kg in Colombo Municipal Council, 0.75 kg in other Municipal Councils, 0.60 kg in Urban Councils, and 0.40 kg in Pradeshiya Sabhas. The primary sources of MSW are households and commercial establishments, while secondary sources are industries and hospitals. The major portion of the MSW stream in Sri Lanka is dominated by organic waste generated from households, markets, and slaughterhouses (Figure 2) . The organic portion consists of banana stalks and logs, tree cuttings, sawdust, wood chips, and paddy husks-excluding coconut shells. The organic waste is further grouped into long-term and short-term biodegradable. The former cannot be degraded easily within 2 -3 months and is initially used as a bulking material in the composting process. The latter can be degraded within 1 -2 months or even less. The moisture content and organic fraction of the MSW stream were significantly high with low calorific values.
Present Scenario of Solid-Waste Management in Sri Lanka
2) Recycling practice In Sri Lanka, waste separation at source is still not practiced on a large scale. Of the total MSW generated only 10% -40% is collected and the rest remains either piled up on the streets or dumped in low-lying areas, such as marshes and abandoned paddy fields. SWM practices in various local authority areas differ greatly. Although regular solid-waste collection systems exist in larger council areas, there is virtually no collection system in some of the smaller jurisdictions. The ratio of waste collected to waste generated ranges from approximately 93% in Colombo Municipal Council to as little as 5% in some of the smaller urban areas. In Sri Lanka, resource recovery from MSW has been developed informally over the past few years for certain type of materials. Scavengers collect glass, paper, plastics, metals, etc. Currently, recycling of materials is carried out through an informal market system. Items are recovered at various points of the waste stream: at household level, during collection and transport by local authority workers, or at the final disposal site by waste pickers and municipal workers. The retrieved materials are sold to collection shops where they are cleaned and sold for recycling by local industrialists, or exported overseas. Also about 5% of the collected MSW is processed in various households and central composting systems. Household-level composting has proved more successful than centralized composting projects. The limited success of centralized composting is due to unsuitable locations and public protest against malodor and contamination of water bodies.
3) Disposal practice The most common method of final disposal of MSW is an open dumping, which accounts for more than 85% of the collected waste. These are non-engineered sites where waste is tipped haphazardly without environmental protection. The majority of open dumps are in the low-lying areas-marshes and abandoned paddy fields that are filled with solid waste primarily as a means of land reclamation. Some of the local authorities use a daily topsoil cover to reduce nuisance and allay public opposition. These dumps are used to dispose of every type of waste, including industrial, hospital and clinical, and slaughterhouse wastes, together with MSW, without any proper segregation. None of the open dump sites is engineered to manage the leachate or control pollutants released from waste decomposition. Few or no basic operations exist, such as leveling or covering of waste at the site, presumably due to the high costs involved. Soil cover is applied only at the final stage when there is a projected use of the land or public pressure. In addition to dumpsites operated by the relevant authorities, random dumping by private individuals takes place along streets, and on marshes and abandoned paddy fields. In the central part of the country, waste is mostly disposed of along the roads. Local authorities with regular responsibility take little control over these malpractices, mainly because ofa lack of resources or stringent laws.
4) Current problems Financial provisions for SWM in Sri Lanka generally fall under the health section of the annual budget of the local authority. The main source of revenue for local authorities is through property rates and taxes, supplemented by central government grants. There is no specification in the budget allotment for the various tasks involved in SWM. However, it has been estimated that local authorities spend around 3% -15% of their total budget on SWM. Practically all the local authorities spend more than 80% of the allotted budget in collection and transportation of refuse, of which a significant amount goes to salaries, allowances, wages, maintenance, and fuel costs. Most local authorities, with the exception of Municipal Councils and Urban Councils, spend hardly money on disposal, since the wastes are hastily dumped without spreading and compaction. The accumulation of uncollected MSW in public places and the improper handling of MSW during transportation, disposal, and scavenging have become major health and safety issues in Sri Lanka. Insects, rodents, and other vectors are attracted to the waste and can spread communicable diseases, such as cholera and dengue fever. Furthermore, use of water polluted by solid waste for bathing, cooking, irrigation, and drinking could expose individuals to diseases, pathogens, and other contaminants. Various diseases are spread via the fecal-oral route facilitated by unsafe water supplies and inadequate sanitary conditions. A lack of understanding of the causes of diseases related to garbage coupled with the existing bureaucratic approach to managing MSW, means the significance of health impacts and the potential threat to workers in the waste stream are often not recognized. For these reasons health aspects are often neglected by the government and the authorities.
Obstacles to implementing proper solid-waste management systems by local authorities in Sri Lanka include inadequate facilities for final disposal; introduction of improper solid waste management; lack of knowledge, technology and expertise about waste; poor planning and management; high cost of collection; and the attitude of people towards waste.
Research Methods
Study Area
The study area is in Kaduwela, Pradeshiya Sabha, which has a population of 252,041 (Department of Census and Statistics Sri Lanka, 2012) and is divided into three public health inspector divisions. The area is highly residential, having better infrastructure compared to the other parts of the country. The average daily waste generation is approximately 35 metric tons, which is gathered in a dumping area. The waste comprises both combustible and non-combustible materials generated from market stalls, households, and industrial sections. The dumped waste is then taken by Burns Environmental Technologies Ltd. (BETL), a private company. The Pradeshiya Sabha pays US$9 per metric ton to BETL and has to spend nearly US$10,000 per month on waste management. Despite this, large amounts of waste still go to the dumping area.
Questionnaire
In order to obtain both qualitative and quantitative data, a questionnaire survey was conducted. The questionnaire was carried out with a random sample of 150 families totaling 750 residents from Battaramulla area, a major town in the Kaduwela Pradeshiya Sabha. The survey focused on the present MSW disposal practices of the residential community, their habits and attitude to solid waste, and the level of involvement of recycling, including home composting. The questionnaire method involved distributing questionnaires to representatives of each family and then organized a meeting of all respondents to collect the information individually. This resulted in a return of 100%.
Field Observations
Field observations were made on the quantity and composition of MSW in the same community that responded to the questionnaire. Initially the selected community was instructed to practice waste separation through an awareness program. The sorted waste was then transported weekly to the site and an analysis made for a month to determine the average daily values. The data obtained from this analysis comprised the composition of the waste, the quantities of waste available for recycling and incineration, and the moisture content. In addition, a detailed study of the waste collection system in Battaramulla town was completed.
Pilot Scale Practices
The proposed pilot project attempted to develop a better solid waste management system for a small local authority. The solid-waste management program for the treatment and disposal of waste suggested the following methods.
1) Home composting Figure 3 shows the compost container selected for the project. The container was made of plastic and measured 1'6" × 1' × 6". It should not be exposed to rain. The total spending on the containers was about 2 US$. They had the advantage of being less bulky, portable, and providing quick composting performance, with compost being produced one month after installation. In households of six people about 2 kg of waste was put in the container per day. As this rate did not fill the container, this size would be suitable for one family.
2) Incineration Given the category of waste available and the fact complete incineration was desired, a multiple chamber incinerator was selected [24] . The incinerator was designed with a waste feeding-rate of 289 kg/hr under a manual batch process. The size of the incinerator was 7' × 7' × 7' and the daily estimated operating time was 8 hours, using liquid petroleum gas (LPG) as fuel. The incinerator was designed for 15-year performance. The factor of increasing amounts of waste was managed by extending the operating hours of incineration. The temperature inside the secondary chamber was maintained at a level of 1000˚C in order to destroy any unburned airborne par- Figure 4 shows the percentage of the community utilizing each disposal pattern of recyclable waste. Accordingly 38% practiced recycling mainly metal and glass by giving to scavengers, while 40% used the government waste-collection system. These results indicate that the public are not concerned with recycling at source, preferring instead to opt for the costly government collection and transporting system. Furthermore, 19% of the community practice back-yard burning, which can be hazardous to human health because of harmful gas emissions, such as dioxins and furans, resulting from incomplete burning. This also shows that the general public is unaware of the dangers of such improper disposal methods. Figure 5 shows the percentage distribution of recyclable material collection. It indicates that people mainly recycle cardboard and coconut shells. They have not paid any attention to the recycling of other materials, indicating they are less enthusiastic about recycling. The questionnaire also revealed that the public consider the responsibility of waste disposal should be taken by the Pradeshiya Sabha and had a low awareness of solid-waste management, including waste reduction, reuse, and recycling. The survey also revealed that 40% of families in the community gave their organic waste to the government collection service, while 50% selected composting (data not shown). Of these, 97% preferred home composting using compost bins. They used low cost compost bins in preference to bulky bins.
Results and Discussion
Evaluation of Questionnaire Survey Responses
Analysis of Field Observations
According to Figure 2 , as the major contributor of the waste stream was highly putrescible organic waste, it was important to promote home composting to divert this waste stream from entering the costly waste collection and disposal system. Accordingly, a suitable low cost compost bin was selected for this purpose. Battaramulla Pra- Type of Waste deshiya Sabha collected domestic waste from supermarkets, garment factories, and hotels. Waste from Kaduwela and Battaramulla areas was transported and dumped at a one-acre site, which created health and environmental problems. About 35 tons of waste was gathered at the site per day. Before the disposal of such a large amount of waste, it is important to have a plan to reduce waste gathered at the site to simplify the process and avoid unnecessary spending. Therefore, attention should be given to reducing the waste. One way of doing this is to reduce waste at the beginning, that is, "at source". As domestic households are the main source of the waste, a "disposal at source" method should be applied. With this aim in mind, a solid-waste management program was carried out for a selected community as part of a pilot project and implemented to some extent by this project by applying proposed solid-waste management.
Pilot Scale Practices
Evaluation of the questionnaire on present disposal practices, along with the high organic composition of the waste, indicated that compost bins were a suitable method for disposal of the organic waste that had already been separated from other waste. The moisture content of the waste was about 65%-too high for the total waste to be suitable for incinerating, but composting was possible. Implementing such a management program in the whole Battaramulla area up to Kaduwela Pradeshiya Sabha would minimize the waste problem to some extent by virtue of the reduction of waste. The main problem is that the community did not want to buy the bins at such a high cost, although they liked home composting. Hence an experiment was carried out with a lower cost compost bin. This proved successful and compost was produced. With a low cost and easy handling, compost can be improved by trying better operation techniques. The total cost for the bin was only about 265 rupees and therefore affordable. It is difficult to find a large enough land area in the Battaramulla region as the cost of real estate has increased. Considering the fact an incinerator is proposed as a suitable technique for the ultimate treatment method, it was also observed that 15% of the waste stream that cannot be reused or recycled contains materials suitable for combustion. Figure 6 shows the amount of combustible waste from 10 representatives from 150 families. Except for "Others" such as clothes/textile, rubber, leather, and so on, all types of waste were constantly generated in almost the same amounts from the first to the fourth weeks. As the total quantity of waste diverted for incineration is about two metric tons per day, an incinerator of less than one metric ton capacity was selected through literature review. The average moisture content of the waste available for incineration was 28%. Since waste for incineration should have a moisture content less than 30% the sample satisfied the scientific conditions. It was noted that the exhaust emission of incinerating certain waste, such as batteries, is harmful to the environment so it is recommended that further sorting of particularly hazardous waste be undertaken. Due to economic considerations, the feeding method may be manual using backhoes. There should be two or three laborers for the incinerator who can feed the waste manually with a capacity equal to the waste feeding rate. Although the installation cost of an incinerator is high, its operation could reduce environmental health problems expected from the improper management of putrescible solid waste, such as health disorders, sickness, and communicable diseases. The back-yard burning of waste causing air pollution could be banned as the combustible waste can now be sent to the incineration plant. 
Proposed Solid Waste Management Program
The data analysis in this study indicates that creating awareness among the general public needs to be included in the solutions for the problems mentioned, as well as the provision of disposal methods, such as composting and incineration. Several studies, as listed in the introduction, have mentioned that education to raise awareness is necessary and important for waste management. Furthermore, the effective planning of solid-waste collection is important as this phase requires more than 75% of the total expenditure in SWM. In the proposed SWM program, special consideration was given to the separation of waste at source for the successful operation of the program. As the flow of some steps of the program depends on the feasibility of waste separation, final disposal methods are only provided for the separated waste stream. For the continuity of the program, follow-up is essential to ensure sustainability of the program and to avoid failure. Considering the above factors, the proposed solid waste management program is shown in Figure 7 . An awareness program was carried out in the Battaramulla area based on a successfully implemented example of the community of Vijithapura, a good example society of the selected community. As a result of the implemented program the community has gained knowledge about waste avoidance, reduction, recycling, and waste separation. Also, after the awareness program was undertaken, sorted waste at source was mainly highly compostable-about 62.4%-indicating suitability for composting as a disposal method. Other recyclable wastes, such as glass, metal, and paper should also be given attention.
According to Table 1 income of about 5600 rupees per day can be achieved from recyclable waste. If the recycling project is carried out the 0.5 to 1 ton of waste sent to the site from the Battaramulla area could be reduced instead of being given to the BETL Company. However, a community-based recycling project could not be begun as the majority of the people are middle income and engaged in jobs with the public sector according to the information from the questionnaire and the interviews and the representative persons in the area.
After the community is educated to separate/sort the waste by the proposed solid-waste management program then it will be easy to collect recyclables, and scavengers can be referred to the sorted recyclable waste, as is being done at Vijithapura where these measures have already implemented, then the Pradeshiya Sabha can collect recyclables and obtain an income. However, theft of these recyclable wastes while being transported to the site has become a major problem. Another important factor that should be mentioned is that more than 5600 rupees can be earned by recyclables as long as they are not contaminated by waste. Out of the 35 tons taken to the site, about 11 tons (one third of the total waste) are from Battaramulla Pradeshiya Sabha per day. This can be reduced by two tons through incinerating, half a ton by recycling and 8.5 tons by composting. By these means, collection of waste to take to the site can be reduced. In the rolling out of the awareness program, the following should be well organized to gain the maximum participation of the community and prevent unnecessary (or double) effort, time, and expense: maximizing publicity, executing high-quality programs, minimizing the time that people have to spend on waste reduction processes, providing user-friendly leaflets and handouts, providing easy ways to participate, and gaining good information through questionnaires. Data from the questionnaire provided information on matters that should be considered in organizing awareness programs.
Conclusion
The study revealed that using solely engineering solutions for solid-waste management is not sufficient. As an example, collection and disposal of all the waste in the area are a complex and large-scale operation and require money to be spent on unnecessary storage, collection, and transportation. If the waste can be disposed of at the source, then waste can be eliminated at the point of generation and there then remains only a small amount for ultimate disposal. As the organic waste composition is high, the most suitable disposal method for the highly putrescible solid waste is composting. People are willing to use compost bins, and they require portable and low cost ones to do so. Hence to satisfy all the requirements, the proposed compost bin is suitable for the disposal of quickly biodegradable organic waste. Incineration is the most suitable method for the disposal of combustible waste. Although the installation cost of an incinerator is high, health and environmental problems will be reduced due to the complete breakdown of pathogens in the process. The bottom ash and fly ash, reduced to 5% of the input, can be used for land-filling, which is a benefit from incineration. If there is an option for alternative fuels instead of LPG, operating costs can be minimized. Awareness of solid-waste management is necessary and helps to reduce the waste problem in the Battaramulla area.
